
Nutrient modeling highlights from the Puget 
Sound region

Mindy Roberts

Anise Ahmed

Greg Pelletier

Teizeen Mohamedali

(Dept of Ecology)

Tarang Khangaonkar

Wen Long

(PNNL)

1

Salish Sea* 
including 
Puget Sound



chemistry biology

Oxygen biologically relevant, many factors…
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physics



What are the key regulatory questions?
(freshwater and marine water)

• How much of the low oxygen is due to natural 
conditions and how much is human?
– Need sophisticated computer models to distinguish 

human from natural/climate influences

• How much human impact reduction is needed to 
meet water quality standards (<0.2 mg/L below 
natural conditions)?

• Are NPDES permit changes needed to meet 
water-quality based effluent limits?

• We don’t know yet…
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What are the sources of 
nitrogen?
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Sediment Flux

Dissolved inorganic nitrogen (DIN) = nitrate + nitrite + 
ammonium

Watershed 
Inflows
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River nutrient concentrations reflect 
watershed land use
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More forested

More developed

Roberts et al. (2014)



River unit-area nitrogen loads reflect 
watershed land use and precipitation
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Mohamedali et al. (2011)



Example spatial patterns – April 2007

Bottom Dissolved 
Oxygen

Surface Chlorophyll
Surface Dissolved 
Inorganic Nitrogen
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Ahmed et al. (2014)



Human DO impacts 
below natural conditions

(wastewater plants + 
human inputs to rivers)

East 
Passage

Carr 
Inlet

Case 
Inlet

Budd Inlet

Totten Inlet

Eld Inlet
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SPS
4,200 kg/d (existing)

CPS
25,200 kg/d (existing)

(2007)

Ahmed et al. (2014)



Rivers =existing
External = existing 

WWTP = natural 

Effect of watershed and external 
anthropogenic sources alone 
(no marine point sources)

Effect of marine point sources 
and external  anthropogenic 
sources alone (no watershed 
anthropogenic sources)

Rivers = natural 
External = existing

WWTP = existing 
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Marine point sources have greater influence than 
watershed sources

Ahmed et al. (2014)



Salish Sea model

• 3D calibrated model 
of the Salish Sea 

• Predicts circulation 
and water quality

10Khangaonkar et al. (2012)



Current and Future Scenarios
(now, 2020s, 2040s, 2070s)
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•Biggest impacts in 
South and Central 
Puget Sound

•Not directly 
applicable to State 
of WA water 
quality standards

12

Average DO 
depletion 

(mg/L)
0.00 – 0.05

0.05 – 0.10

Oxygen 
depletion –

current sources 
(wastewater, 
watersheds)

Average regional and 
seasonal oxygen deficit:
• Oxygen inventory
• Below pycnocline
• September - October Roberts et al. (2014)



Oxygen depletion – future marine 
point sources and watershed inflows

2070 loads, current 
circ, current ocean

2040 loads, current 
circ, current ocean

2020 loads, current 
circ, current ocean

current
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2020 2040 2070

Average DO 
depletion 

(mg/L)

0.00 – 0.10

0.11 – 0.20

0.21 – 0.50

0.51 – 0.80

0.81 – 1.10

Roberts et al. (2014)



Future population growth will increase oxygen 
impacts; ocean trends would make it worse

Current human 
sources, circulation, 
ocean conditions, air 

temperature

14

2070 human + circ + 
ocean  + air temp

2070 human + future 
circulation

2070 human + circ + 
future ocean

2070 human

Average depletion
(mg/L of oxygen decline compared 
with current conditions)

0.00 – 0.10

0.11 – 0.20

0.21 – 0.50

0.51 – 0.80

0.81 – 1.10
Roberts et al. (2014)
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Freshwater example – Deschutes River



How to improve river oxygen 
(and pH)

Shade, microclimate, 
floodplain, nutrient uptake, 

high channel complexity, low 
nutrient inputs, etc.

No shade, no microclimate, no 
floodplain, low nutrient uptake, 

low channel complexity, high 
nutrient inputs, etc.
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Minimum oxygen improvements by 
management practice
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Minimum oxygen improvements by 
management practice
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Minimum oxygen improvements by 
management practice
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Minimum oxygen improvements by 
management practice
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Deschutes River scenario results

• NPS reductions alone will not meet water quality 
standards

• Restoring mature riparian vegetation and channel 
structure would have the greatest benefit to DO and 
pH in the Deschutes River



Next steps for marine nutrient modeling

• Publish South Sound and Salish Sea reports 
February 2014

• Update Salish Sea model with linked 
sediment-water exchanges (diagenesis)

– Funded through 2015

– Draft model approach document

• Use updated Salish Sea model to refine South 
Sound predictions of local source impacts

24



25



26

y = 7.427x0.600

R² = 0.601

1

10

100

1 10 100

P/
B

/f
 (m

gC
/m

gA
/d

ay
)

Photoperiod average PAR (W/m^2)

Sep-06

Apr-07

Jun-07

Sep-07

R² = 0.78

1

10

100

1 10 100

pr
ed

ic
te

d
 P

/B
/f

 (
m

gC
/m

gA
/d

)

observed P/B/f (mgC/mgA/d)

Sep-06

Apr-07

Jun-07

Sep-07

1:1

Light (PAR) explains 60% 
of the variability in 
marine productivity

Light and temperature explain 
78% of the variability in  

marine productivity

Pelletier, unpublished



27

This project has been funded wholly or in part 
of the US EPA under assistance agreement PC-
00J279-01 to Department of Ecology. The 
contents of this document do not necessarily 
reflect the views and policies of the EPA, nor 
does mention of trade names or commercial 
products constitute endorsement or 
recommendation for use.

South Sound project team:
Anise.Ahmed@ecy.wa.gov
Greg Pelletier@ecy.wa.gov
Mindy.Roberts@ecy.wa.gov

Salish Sea project team:
Mindy.Roberts@ecy.wa.gov
Teizeen.Mohamedali@ecy.wa.gov
Tarang.Khangaonkar@pnl.gov
Wen.Long@pnl.gov
Cope.Ben@epa.gov
Bsackmann@integral-corp.com



References

• Ahmed, A., G. Pelletier, M. Roberts, and A. Kolosseus.  2014.  South Puget Sound Dissolved Oxygen 
Study: Water Quality Model Calibration and Scenarios. WA State Dept of Ecology Publication No. 14-03-
xxx. In press.

• Mohamedali, T., M. Roberts, B. Sackmann, A. Whiley, and A. Kolosseus. 2011. South Puget Sound 
Dissolved Oxygen Study: Interim Nutrient Load Summary for 2006-2007. WA State Department of 
Ecology Publication No. 11-03-001. 
https://fortress.wa.gov/ecy/publications/SummaryPages/1103001.html. 

• Mohamedali, T., M. Roberts, B. Sackmann, and A. Kolosseus.  2011.  Puget Sound Dissolved Oxygen 
Model Nutrient Load Summary for 1999-2008.  Washington State Department of Ecology, Olympia, 
Washington.  Publication No. 11-03-057. 
https://fortress.wa.gov/ecy/publications/summarypages/1103057.html. 

• Roberts, M., A. Ahmed, G. Pelletier, and D. Osterberg. 2012. Deschutes River, Capitol Lake, and Budd 
Inlet Temperature, Fecal Coliform Bacteria, Dissolved Oxygen, pH, and Fine Sediment Total Maximum 
Daily Load Technical Report: Water Quality Study Findings. WA State Dept of Ecology Publication No. 12-
03-008. https://fortress.wa.gov/ecy/publications/SummaryPages/1203008.html. 

• Roberts, M., . 2014. Dissolved Oxygen Assessment for Puget Sound and the Straits: Impacts of Current 
and Future Human Nitrogen Sources and Climate Change through 2070. WA State Dept of Ecology 
Publication No. 14-03-xxx. In press.

28

https://fortress.wa.gov/ecy/publications/SummaryPages/1103001.html
https://fortress.wa.gov/ecy/publications/summarypages/1103057.html
https://fortress.wa.gov/ecy/publications/SummaryPages/1203008.html

